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[57] ABSTRACT 

A focus detecting apparatus having an optical device 
movable to cause the light from an object to be imaged 
on a predetermined plane and comparing the different 
imaged conditions of the light from the object on the 
predetermined plane comprises a light intensity distri- 
bution detecting device for detecting the distribution of 
the intensity of light on the predetermined plane and 
putting out a detection signal indicative of the distribu- 
tion of the intensity of light on the predetermined plane, 
a device for taking out a high frequency component 
from the detection signal, a device for rectifying the 
taken out high frequency component, a device for form* 
ing the envelope of the rectified high frequency compo- 
nent, a device for integrating the envelope at any time 
and putting out an integrated value, and a focus detect- 
ing device for detecting, oh the basis of the integrated 
value of the envelope, the amount of movement neces- 
sary for the imaging optical device to cause the light 
from the object to be imaged on the predetermined 
plane. 

10 Claims, 11 Drawing Figures 
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FOCUS DETECriNC APPARATUS FOR 
MICROSCOPE OR CAMERA 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

This invention relates to a focus detecting apparatus 
of high accuracy best suited for use as the automatic 
focusing apparatus of an optical microscope, a camera jq 
or the like. 

2. Description of the Prior Art 

An automatic focus detecting apparatus as disclosed, 
for eiiample, in U.S. Pat No. 4,311,904 is known. In 
such apparatus, the image signal of an object image by 15 
an image sensor has been obtained, a signal whidi is a 
high frequency component of a magnitude correspond- 
ing to the contrast such as light and dark (hereinafter 
referred to as the edge signal) has been obtained from 
the image signal and the edge signal has been integrated ^ 
to obtain a signal, corresponding to the deviation from 
the in-focus point The edge dgnal corresponds to the 
boundary of the contrast of the object image formed by 
the image sensor. 

In such apparatus, as the object image on the light- 
receiving surface of the image sensor becomes approxi- 
mate to the in-focus state (as the deviation from the 
in-focus point becomes approximate to zero), the peak 
value of the aforementioned edge signal becomes a 
signal which is gradually greater in magnitude and 
gradually narrower in width. As a general tendency, the 
output signal of an integration circuit which integrates 
the edge signal rises as the in-focus state is approached, 
and assumes a mflTitnnm value during the in-focus con- 35 
dition, but in some cases, it exhibits some decrease de- 
pending on the object, and this has led to the possibility 
of degrading the focusing accuracy. 

Also, where the contrast on the light-receiving sur- 
face is so small that for example, the number of bound- 40 
aries between the light and the dark is one, the amount 
of integration by the integrating circuit is small, and this 
has led to the problem that S/N is low and an out-of- 
focus signal is not obtained. 

45 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
focus detecting apparatus which enables a signal indica- 
tive of the deviation from the in-focus pomt to be ob- 
tained at high accuracy for any object ^ 

The invention will become fully apparent from the 
following detailed description thereof taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

FIG. 1 shows the juxtaposition of FIGS. lA and IB, 
which illustrate a first embodiment of the present inven- 
tion. 

FIG. 2 shows the timing device and the extracting ^ 
function generating drcuit of FIG. 1. 

FIG. 3 is a timing chart for explaining the operation 
in FIGS. 1 and 2. 

FIGS. 4A and 4B are a timing chart similar to FIG. 3. 

FIGS. 5A and 5B show enveloping circuits that may 65 
be employed in the present invention. 

FIG. 6 is a block diagram of a converting device. 

FIG. 7 is a block diagram of an output circuit. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will herein- 
after be described by reference to FIGS. 1 and 3. 

A sample 2 on a stage 1 is illuminated by a light 
source 5 through an objective lens 3 and a half-mirror 4. 
The image of the sample 1 can be formed on a focusing 
screen or a fihn surface, not shown, by the objective 
lens 3 being moved in the direction of the optical axis. 
Light transmitted through the half-mirror 4 is divided 
into two optical paths in the plane of the drawing sheet 
by an optical path dividing prism 6 and thereafter enters 
an image sensor 8 disposed astride of the optical paths. 
The position of the image sensor 8 is adjusted such that 
the left half of the light-receiving surface R of the image 
sensor 8 provides the rear side of a reference plane S 
equivalent to a plane on which the focusing screen, the 
film surfiace or the like is disposed and the right half of 
the light-receiving surface R of the image sensor 8 pro- 
vides the fore side of the above-mentioned reference 
plane S (shown split into two parts). The photodectri- 
cally converted signal from the left half of the image 
sensor 8 corresponds to a so-called rear focus signal and 
the photoelectrically converted signal from the right 
half of the image sensor 8 conesponds to a so-called 
front focus signal. A negative lens 7 is inserted between 
the optical path dividing prism 6 and the right half of 
the light-receiving surface R of the image sensor 8 and 
serves to make the sizes of the images coincident with 
each other on the left half and the right half of the image 
sensor 8. Accordingly, daring an in-focm condition, the 
image of the sample 2 is formed on the aforementioned 
reference planes. To make the sizes of the images con- 
stant on the left half and the right half of the image 
sensor 8, an optical system may be constructed so that 
the two optical paths are formed by a telecentric sys- 
tem, instead of the negative lens 7. 

Tlie image sensor 8, as is well known, is driven by a 
start pulse generator 9 and a pulse generating circuit 10. 
That is, the elements of the image sensor 8 are succes- 
sively driven by the pulse from the pulse generating 
circuit 10 input subsequentiy to the start pulse from the 
start pulse generator 9 and time-serially put out image 
signals synchronous with this piilse. AztMxnplifrer<»ll^ 
ampli fiesAe^ii iiageisignalsifrQmitiie4mag^g5a^^d 
appfies«them«t0ia»samplingianli^oldin^'5ifcffit^ 
s^pjing«afia*fiblding^cmt*13^sa^npl&>affldtt^ 
image signals from the amplifier 11 on the basis of the 
pulse (not shown) from the pulse generating circuit 10. 
ThefOntDuTsignal'of thg^m i ^ mg^airf'faoi^ 
is«applied^«ii^mt«to"":Rutferratia&&^^ SFhc 
d g eretttiationisiiaialiofith g ,differentiag5n»drc^ 
its j) darity ^g^daiizc<Lby^an jb soluteavalgg^ircmf 14 
and*1^^nes,ra«sig nal^cpn c«xmding»tO'thc«contrastj' 
The output signal of the absolute value circuit 14 is 
applied as input to one input terminal of a multiplier 15. 
The extracting function from an extracting function 
generating circuit 16 is applied as input to the other 
input terminal of the multiplier 15. Tb^xtracting4uncr 
tian«i8iaifnDCtioQifor«cxtrttctingH)nly'tbe4iece ssfg3^ 
tiQn,o^ciou^>ut^sipy*fifoffi*thell^lntg^uE'Sir^ 
The multiplier 15 multiplies the signal of the one 
input terminal by the signal of the other input terminal 
and applies the result of the multiplication to an integra- 
tion circuit 17 and an enveloping circuit 20. The inte- 
gration circuit 17 alternately integrates the signal ob- 
tained from the left half of the light-receiving surface R 
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of the image sensor, namely, the signal from the multi- erating circuit 10, a first digital switch 30 and a second 
plier 15 corresponding to the rear focus signal, and the digital switch 31, aj^lies a timing signal to the extract- 
signal obtained from the right half of the li^t-rccciving ing function generating circuit 16, the integrator 17, the 
surface R of the image sensor, namely, the signal from sampling and holding circuit 19, the integrator 21, the 
the multiplier 15 corresponding to the front focus sig- 5 first sampUng and holding circuit 23 and the second 
nal, on the basis of the signal from a timing device 18, sampling and holding circuit 24, and controls the oper- 
and applies them to a sampling and holding circuit 19. ating periods thereof. 

The sampling and holding circuit 19 alternately san^les The timing device 18, as shown in FIG. 2, has a selcc- 
and holds the integration signal of the integrator 17 by tor 180, a presettable counter 181, a counter 182 and an 
the rear focus signal and the front focus signal on the 10 output circuit 183. The presettable counter 181 and the 
basis of the signal from the timing device 18. The output counter 182 are reset by the start pulse from the start 
signal of the enveloping circuit 20 is applied as input to pulse generator 9. The presettable counter 181 counts 
an integrator 21 and integrated thereby. The integrator the pulses from the pulse generating circuit 10 up to a 
21 alternately integrates the output signal of the cnvel- number (hereinafter referred to as the predetermined 
oping circuit 20 corresponding to the ugnal obtained IS value) obtained by subtracting from a total countable 
from the left half of the light-receiving surface R of the value N the preset value input from the digital switches 
image sensor and the ou^ut signal of the enveloping 30 and 31 through the selector 180. When the prcdetcr- 
circuit 20 corresponding to the agnal obtained from the mined value is reached, the presettable counter 181 pute 
right half of the Ught-receiving surface R of the image out an output signal (hereinafter referred to as the carry 
sensor, on the basis of the signal from the timing device 20 signal) to the counter 182 and is reset by the carry signal 
18. The output signal of the sampling and holding cir- through a gate G. However, it is after the presettable 
cuit 19 and the output signal of the integrator 21 are counter 181 is reset by the start pulse and after the 
divided by a divider 22, the division by the divider 22 presettable counter 181 is reset by the carry signal put 
being effected so that the output signal of the sampling out to counter 182 that the presettable counter 181 has 
and holding circuit 19 is the denominator. ®ie«^fj>ut 25 counted to the predetermined value. The counter 182 
agnahG&theidividei!i22iiSi&eg5al!ii^^ co^^ carry signal and ^plies the count value to 

trast namel y, a signal gainrCont rolled»fbP»digb-r@fB5Ss the output circuit 183. The output circuit 183 has a read 
of the"image plane, iheou^ut signal of the divider 22 only memory circuit (ROM) using chiefly the count 
will hereinafter be referred to as the contrast signal. value by the counter 182 as the address designating 
That is, acoordmgtosu^jgfthWJ^^ 30 signal, and the operation timing of the integrator 17, the 

!nt^-at^S88^§IcSS^ilSr*l^«iXhibits»so35^ sampling and holding circuit 19, the integrator 21, the 
crca5Cidyrmgtaniin=focus«^diti^!*th€io^ first sampling and holding circuits 23, the second sam- 

dujyi gfthcdnsfocusLConditionrfS iDartieute^ empha pling and holding circuit 24 and the converting device 

andithcifbcnsingiacSir355*K8raS^aSff. The output 160 of the extracting ftmction generating circuit 16 is 
signal of the divider 22 is applied as input to a first 35 controlled by the signal from a predetermined address 
samphng and holding circuit 23 and a second sampling of this memory circuit 

and holding circuit 24. The first sampling and holding The converting device 160 has a gate 162 pulhng out 
circuit 23 is for the si^ from the left half of the image the count value of the presettable counter 181 shown, 
sensor and the second sampling and holding circuit 24 is for example, in FIG. 6 only during the time when a 
for the signal from the right half of the image sensor 8, 40 signal is produced from the output circuit 183, and a 
and these sampling and holding circuits are designed read only memory circuit 163 connected in series with 
such that each signal from the divider 23 is separately the gate 162 and converting said count value passed 
apphed thereto by the sample signal from the timing through said gate into a predetermined value and put- 
device 18. The output signals of the first and second ting out the same. A digital value corresponding to the 
sampling and holding circuits 23 and 24 are applied as 45 count value of the presettable counter 181 put out from 
input to an adder 25 and also are applied as input to one the converting device 160 is converted into an analog 
input terminal of a first dividing circuit 26 and one input value by a D/A converter 161 and put out from the 
terminal of a second dividing circuit 27. The output extracting function generating circuit 16. 
signal of the adder 25 is applied as input to the other With such a construction, when a start pulse (FIG. 
input terminals of the first and second dividing circuits 50 3(fl)) is produced from the start pulse generator 9, the 

26 and 27. The first and second dividing circuits 26 and elements of the image sensor 8 are driven by pulses 

27 effect division with the addition signal from the (FIG. 3(^)) successively put out from the pulse generat- 
adder 25 as the denominator. The output signals of the ing circuit 10, and a signal corresponding to the inten- 
first and second dividing circuits 26 and 27 are signals sity of the light having entered each element as shown 
gain-controlled for the contrast as carried out in the 55 in FIG. ^k) is put out from the image sensor 8. This 
prior art. A differential amplifier circuit 28 causes a signal is amplified by the amplifier 11, whereafter it is 
signal corresponding to the difference between the divi- made into a signal as shown in FIG. 3(/) by the sampling 
sion signals from the first and second dividing circuits and holding circuit 12 and thereafter, made into a agnal 
26 and 27 (a signal corresponding to the amount of as shown to FIG. 3(m) by the differentiation circmt 13, 
deviation from the m-focus point) to be applied to a 60 and then made toto a ognal as shown in FIG. 3(n) by the 
motor control circuit 29. The motor control circuit 29 absolute value circuit 14. 

drives a motor M to move the objective lens 3 to the As stated carUer, the presettable counter 181 and the 
direction of the optical axis so that the amount of devia- counter 182 are reset by the start pulse. The output 
tion from the in-focus potot becomes zero. Of course, circuit 182 causes a selection signal to be applied as 
the stage 1 may be moved. This makes automatic focus- 65 mput to the selector 180 so that the selector 180 selects 
tog possible. the preset value of the digital switch 30 by the count 

The timtog device 18 receives as toput the signals value zero of the counter 182 and puts out the same to 
from the start pulse generator 9, the timtog pulses gen- the presettable counter 181. Assumtog that a value zero 
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number of pulses for the tota^ '^'""""^'r^^ , .„ ^ control signal is put out from the output circuit 

thotforc thccount SS' to Ac «me^^ as previously described and 

When the count value f *?«^ JfiSS^Wfl t^* Ae each dirSt is controlled as at times t.-t, (time t .ocorre- 

output arcui 183 applies ^ time t,. time tio corresponds to time tfc time 
'""r^t^'^ifnG^^Jn^r^S^^^^ 10 STrrSS^^l^timeSand^et^ocorr^pondsto 

applies the signal of » ^e san^ ^ difference from the times ti-U is that a 

ing circuit 19. and Wl"" J'^-^^il^i^^^ «S>le p«dse P, generated at time t»is applied as input 

counter 182 is 1, a rectangular wave gcuciauuft uft.>,««H liBht.receivine surface of the image 

3(g) by a dday arcmt 104 by Pf^^^^.^^"! " thloutput signal of the second sampling 

™Lr^e2S;f FIG 301^ tS^^ ^ toUing circuit W are reguterized by the adder 25 
orem, 105 ^.'/^^ JJ^aS " «nd the dividing circuits 26 and H. and a signd corre- 

SStfof:rtTg^^?na3^^^ spoi^gtotheconditionisobt^nedbythedifrerentuil 
to the falling of the signal of FIG. 3(g). The memory 30 '^P^^^^ . jgj becomes 4. 

SiS-dh^Scircuit^^inresponsetothecount <»^J^°PSrvre^o?course. 

ated after the start pulse is generated at tmic ta Ae ^^^^^ Restart p^se have been 

ptesettable counter 181 puts out a carry signal at time t, «8^\ ^ otown in HG. 3(<0. 

Ug. 3(c)). and the output circuit 183 puts out the f."^ -^^^al^ eL^SyTvSted relive 
signal of FIG. 3(f). In accordance with the sig^l of *'=^3°^.*?^ *'S^t to M pulses. 

na3(0fromthetimingcircuitl8 the«^g^c. 40 ^^f^l%^^^l^s!^,(gUh)Ai)^0-) 

tion generating circuit 16 puts out an crtractmg fim> „T2^f^^iy^ted by an amount correspond- 

tion.If*ecxtr«tingfimcti»g«e^^^^ ^^JTm S^JliJ^Sor^ the e:ttracting position 

S^-^"S- V5S<2??uca^^^^ clLges. -Lit is. the ^^^^'^ °" 

"^mnc oft of tJ^SS^Kb L^S " ^'S'lS't^.SSSh.s been set in the 
comes a agnal as shown m FIG. Zip) which ts optameo aiw, » T«-*K:ettflble counter 181 puts out 

byintegra&eslgnalofHG.3(o).Tbe^^^^ ^f^^i^^^^Z^'^^^cLili^ucoi 
holding circuit 19 samples and holds to signal ^FIO. ,V v^^g j and therefore, the train of 

3(,) by the signal of HG. 3(0 wta^r^at^^ S^S^^^^ffo™ fa which the interval be- 
and therefore, the output signal thereof bKomes such M » "J^n tS«LMdMrry dmal 
shown in FIG. 3(5). The output signal of the enveloping »f^'~ "J^j^ 

Srcuit 20 takes {he envelope of the signal of FIG. 3(«, b "/Sble S w SLg set in the digital 

and therefore, the output signal thereof becomes such as J^^^l jTSe exSnV^tion can be fr^y 
shown in no. 3(r). The mtepator 21 ^^^^ „ wl£ "e' SSg^Son is kept constant, 

signal of FIG. ^^^'^ ^^^9'%,^^^^^^ " tte ajLS cL be electric^y accom- 

thereof becomes such as shown m HG. 3(i) and Uiib. a Xi,!r.«dtWs means the ease of adjustment 
signal sufficiently g«ater than the «^ of na 3g pl^ed. «PjJ^^£hXt Lteid of the extract- • 
which is the output signal of the integrator " «am be .^3^l7^i(f^, a f\mction whose magnitude is 
obtained. TTiefirstsamplingandholdrng^^^ SSSf^t^ toe Aov^ in FIGS. 4A Sd 48 is 

pies and holds the output signal of the 6v,der 22 at tmie 60 ^^^^^^^^J^ ^gnal of the multipKer 15 can be 
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As will be seen from what has been described above, 
a difference of the above-described embodiment from* 
the apparatus of the prior art is that the enveloping 
drcitit 20 is provided as means for effectively taking out 
the p^k level of an edge signal obtained from the image 5 
signal from the image sensor 8. Such enveloping circuit 
20 may be, for example, one of those shown in FIGS. 
5A and 5B, and the use of such circuit ehxninates the 
inconvenience heretofore caused by mtegrating the 
signal taken out as the edge signal or the output siffial of 
the absolute value circuit 14 by an integration circuit, 
thereby finding the area of the edge signal As the 
means for effectively taking out the piak level, use may 
also be made of a peak holding circuit or other circuit 
Instead of the enveloping circuit 20, Also, the output of 
the circuit 19 which integrates the output of the abso- 15 
lute value circuit 14 and the output of the circuit 21 
which integrates the output of the enveloping circuit 20 
are applied as inputs to the divider 22, whereby a sub- 
stantially constant signal can always be obtained with- 
out the output of the divider 22. namely, the signal 20 
corresponding to the out-of-focus condition, being af- 
fected by the contrast, brightoess, etc. of the image. 
That is, gain control is effected. 

We claim: 

1. A focus detecting apparatus having optical means 25 
movable to cause the light from an object to be imaged 
on a predetermined plane, means for detecting an inten- 
sity distribution of the object light passed through said 
optical means at a first plane between said optical means 
and said predetermined plane and an intensity distribu- ^ 
tion of the object light passed through said optical 
means at a second plane at an opposite side of said pre- 
determined plane and producing respective detection 
signals, and means for converting said detection signals 
to output signals varying in one direction from a prede- 
tcrmined level in response to the light intensity distribu- 
tion, said apparatus comprising: 

(a) means for formmg an envelope of the output sig- 
nal from said converting means; 

(b) first integrating means for integrating said enve- 
lope and producing an integration output; ^ 

(c) second integrating me:ins for integrating the out- 
put signal from said converting means; and 

(d) focus detecting means 'or deiecting the amount of 
movement of said optical means necessary for said 
optical means to cause the object light to be imaged 45 
on said piedetermined plane in axxordance with 
outputs from said first and second mtegrating 
means. 

2. A focus detecting apparatus according to claim 1, 
wherein said focus detecting means includes division 50 
means for dividing the output from said first integrating 
means by the ou^ut from said second integrating 

means. 1 . n 

3. A focus detecting apparatus according to claim 2, 
wherein said focus detecting means includes ineans fro 
calculating said amount of movement of said optical 

from a first output obtained through said division 
means after said detection signal corresponding to said 
first plane is procttsed through said conversion means, 
said forming means, said first and second integrating 
means, and from a second output obtained through said 
division means after said detection signal corresponding 
to said second plane is processed through said conver- 
sion means, said forming means, said first and second 
means and said division means. 

4. A focus detectmg apparatus according to claim 3, 63 
wherein said calculating means includes means for add- 
ing said first output and said second output to produce 
an output; 
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means for dividing said first output by the output 
from said adding means, and means for dividing 
said second output by the output from said addmg 

means. . ^ 

5. A focus detecting apparatus having optical means 
movable to form an image of an object on a predeter- 
mined plane, and means for detecting an mtcnsity com- 
ponojt of light on a light receiving surface which re- 
ceives <^ject light passed through said optical means 
and producing a detection signal, said focus detecting 
apparatus comprising: 

(a) first means for forming an output signal indicative 
of a high frequency component of said detection 
signal; 

(b) second mAanc for forming an output signal corre- 
sponding to the absolute value of the output signal 
from said first forming means; 

(c) means for forming an envelope of the output sig- 
nal from said second forming means; 

(d) means for integrating said envelope and putting 
out an integrated value; and 

(e) focus detecting means for detecting a positional 
relationship between the object image formed 
through said optical means and said predetermined 
plane in accordance with the output from said 
integrating means. 

6. A focus detecting apparatus according to claim 5, 
wherein said first forming means includes means for 
differentiating said detection signal. 

7. A focus detecting apparatus according to claim 5, 
wherein said focus detecting means includes means for 
integrating the output signal from said second forming 
means and putting out an integrated value, and means 
for dividing the integrated value of said envelope by the 
integrated value of the output signal from said second 
forming means. 

8. A focus detecting apparatus having optical means 
movable to cause light from an object to be imaged on 
a predetermined plane, and means for detecting an in- 
tensity distribution of the object light passed through 
said optica] means at a first plane between said optical 
means and said predetermined plane and an intensity 
distribution of the object light passed through said opti- 
cal means at a second plane at an opposite side of said 
predetermined plane and producing respective detec- 
tion signals, said focus detecting apparatus comprising: 

(a) first means for forming an output signal mdicative 
of a high frequency component of said detection 
signals; 

(b) second means for forming an output signal corre- 
sponding to an absolute value of the output signal 
from sa£d first forming means; 

(c) means for forming an envelope of the output sig- 
nal from said second forming means; 

(d) first integrating means for integrating said enve- 
lope and putting out an integrated value; 

(e) second integrating means for integrating the out- 
put signal from said second forming means; and 

(f) focus detecting means, for detecting an amount of 
movement of said optical means necessary for the 
object light to be imaged on said predetermined 
plane, in accordance with outputs from said first 
and second integrating means. 

9. A focus detecting apparatus according to claim 8, 
wherein said first forming means includes means for 
differentiating said detection signal. 

10. A focus detecting apparatus according to claim 9, 
wherein said focus detecting means includes means for 
dividing the output from said first integrating means by 
the output from said second integrating means. 

• • • • • 
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